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This study clarified the fine structure of pheomelan-
osomes in human red hair by quantifying the contents 
of pheomelanin and eumelanin and by identifying the 
fine structure of melanocytes and melanosomes based on 
their melanogenesis type in follicles. Out of 5 red-haired 
subjects, 3 were found to exhibit pheomelanogenesis in 
follicles, while the remaining 2 were found to have a 
mixed type melanogenesis of pheomelanin and eume-
lanin. Melanocytes in the pheomelanic follicles con-
tained spherical melanosomes which revealed sequences 
of development identical to those seen in the pheomelan-
osomes of mice and guinea pigs. In contrast, the follicles 
of mixed type melanogenesis contained 2 different pop-
ulations of melanocytes, i.e., one with synthesis of spher-
ical melanosomes such as seen in the pheomelanic folli-
cles and the other with synthesis of ellipsoidal-lamellar 
(filamentous) granules of eumelanosome form. It was 
concluded that (a) visual differentiation of hair color 
does not always reflect the melanogenesis type in human 
red hair, (b) chemical analysis of melanogenesis type 
corresponds well to the fine structural differentiation of 
eumelanosomes and pheomelanosomes, and (c) human 
pheomelanosomes are spherical granules with microves-
icular (vesiculoglobular) and proteinaceous matrices on 
which melanin deposition is spotty and granular. 
Two basic classes of melanin pigment are synthesized in 
mammals, i.e., brown-black eumelanin and yellow to reddi sh-
brown pheomelanin . The cytophysiology of pheomela nin syn-
t hesis in terms of regulation of hair color and melanosome 
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morphogenesis is well understood in mice a nd guinea pigs, and 
t he key structura l feature of pheomelanogenesis is t he synt hesis 
of spherical melanosomes with a granular and microvesicu lar 
internal structure [1] . In huma ns, pheomelanogenesis is best 
seen in red hair. However, t he fine structure of pheomelano-
somes in human red hair has been unsettled. Earlier, Birbeck 
and Barnicot [2] observed t hat t he pigment granules in the 
melanocytes of human red hair are round and slightly oval and 
that they are composed of a loose aggregation of small dense 
particles. Mahrle and Orfanos [3] a lso observed the presence 
of rather spherica l granules, the fine structure of which was 
different from typ ical eumelanosomes. Later, however, Mottaz 
and Zelickson (4], and Stanka [5] showed t hat t he melanocytes 
of human red hair contain ellipsoidal -lamellar (filamentous) 
melanosomes similar to eumelanosomes of stages II and III. 
Furthermore, it has recently been reported that, in the keratin -
ocytes of red hair bulbs, melanosomes with a granular in ternal 
structure outnumber ellipsoida l melanosomes, and the sugges-
tio n has been made that the melanosomes change their shape 
from ellipsoidal to spherical when they are transferred to ker-
atinocytes [6]. This study clarifies the fine structure of pheo-
melanosomes in huma n red ha ir by quantifying the contents of 
pheomela nin and eumelanin and by iden t ifying the fine struc-
ture of melanocytes and mela nosomes based on their melano-
genesis type in folli cles. 
MATERIALS AND METHODS 
The red hair (fire reel and light red) of 5 Caucasian subjects was 
processed in this study. For electron microscopic study, hair folli cles 
were plucked, fixed in Karnovsky's solu t ion conta ining 2% parafor-
maldehyde and 2% gluta ra ldehyde [7], and mailed to J apan. Hair bulbs 
in the anagen phase were then selected under a dissecting microscope. 
These were fi xed wi t h 1% osmium tetroxide, stained en bloc with 1.5% 
uranyl acetate, dehydrated by alcohol solut ions, mounted in epoxy 
resin, and examined with a Hitachi HS-8 electron microscope 18]. For 
chemical analys is of eumelanin and pheomelanin contents, a bundle of 
hair folli cles from each subject was cut with scissors and mailed to 
Japan. The ha ir folli cles were then processed to chemical analysis using 
high-performance liqu id chromatography (HPLC) following our pre-
viously reported met hod [9]. Briefly, eumelanin content in follicl es was 
estimated by multiplying t he amount of pyrrole-2,3,5-trica rboxylic ac id 
(PTCA) , a major pyrrolic product or eumelanin , with a factor of 50 
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Subject 
1 (KN) 
2 (JB) 
3 (JB) 
4 (JB) 
5 (JH) 
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TABLE I. Estimation of contents of eumelanin and pheom.elanin and type of melanogenesis in human red hair 
Age 
23 
8 
10 
11 
19 
Hair 
color 
Fire red 
Fire red 
Fire red 
Light red 
Fire red 
Melanin contentsa 
Eumelanin Pheomelanin 
% wt/wt % wt/ wl 
0.038 0.051 
0.023 0.17 
0.023 0.12 
0.045 0.18 
0.045 0.025 
Ratio of Type of 
pheomelanin/ melano-
eumelanin genesisb 
1.3 Mixed 
7.4 Pheomelanic 
5.2 Pheomelanic 
4.0 Pheomelanic 
0.6 Mixed 
507 
" Based on the contents of PTCA (eumelanin indicator; multiplied by a factor of 50) and AHP (pheomelanin indicator; mul t iplied by a factor 
o f 5) in the follicles. 
b Based on the rat io of AHP / PTCA contents in the follicles. 
FIG J. Fine structure of melanocytes a nd mela nosomes in human red hair specified as pheomelan ic by chem ical analysis. a, Four melanocytes (MC) are noted in the hair bulb. They a re actively engaged in synthesis of melanosomes with va riou, developmenta l stages. b, The cytoplasm of 
t he mela nocyte is full of mela nosomes, mitochondria, rough a nd smooth endoplasmic reticulum , Golgi vesicles, and free ribosomes. MS 11 and 
III = pheomelanosomes at stages ll a nd lll of development. c, A high-power view of the stage Il pheomela nosome (MS If) shown in b (box). d, 
Fine structure of pheomelanosomes at stages I (MS I) and III (MS l!J). e, Fine structure of stage III pheomelanosomes (MS lll) and "mosaic" 
m elanosomes. The mosaic melanosomes (MMS) reveal incomplete lamellae and spotty melanin deposition. [, Fine structure of stage IV 
pheomela nosomes (MS I V). 
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afte r permanganate ox idation of mela nin. A hair sample, approximately 
30 mg, was homogenized in 5 ml of K2C03 a nd, to th is, 3% KMn04 was 
added until t he purple color of KMn04 persisted. Solid NazS03 was 
added to decompose the residual KMn04 and the mixture was centri-
fuged. T he supernatant was ac idified to pH 1 with 6 M HCI and was 
extracted 5 times with ether. T he combined ether extract was dried 
over MgSO, and evaporated. The residue was dissolved in water and 
centrifuged. The supernatan t was injected into HPLC for a nalysis of 
PTCA. Pheomelanic content was esti mated by multiplying the amount 
of amino- hydroxyphenylala nine (AHP), a specific indicator of pheo-
melanin, wi th a fac to r of 5 after hydriodic ac id (HI) hydrolysis of 
mela nin. A sa mple (app roximately 30 mg) was suspended in 5 ml of 
57% HI conta ining 100 mg of H3P03 and was heated under reflux. The 
hydrolysate was evaporated to dryness a nd the res idue was taken up in 
0.1 M HCl and was cent rifuged. T he supernatant was injected into 
HPLC for the a nalys is of AHP. 
RESULTS 
Chemical analysis indicated that the red hair fo llicles of 3 of 
5 subjects were primari ly pheomelanic. T he ratios of pheome-
lanin (AHP x 5)/eumelanin (PTCA X 50) in the follicles were 
7.4, 5.2, and 4.0 (Table I). In all the follicles specified as 
pheomelanic by HPLC analysis, the melanocytes of t he hair 
bu lb were actively engaged in melanogenesis and possessed 
well -developed dendritic processes (Fig 1a). T hey were fu ll of 
me lanosomes that were mostly at melanized stages (stages III 
and IV). T he cytoplasm also contained a fai rly large amount of 
mitochondria, rough and smooth endoplasmic reticulum, Golgi 
complexes, and ribosomes (Fig 1b ). Each melanosome was 
spherical and limited by a membrane (Fig 1c-f), and grouping 
of melanosci mes with in autophagic vacuoles was not encoun-
tered. In these pheomelanic melanocytes, stage I melanosomes 
appeared as large spherical vacuoles (0.8- 1.0 11m in diameter), 
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contammg microvesicles (vesiculoglobular bodies) [10,11], 
about 40 nm in diameter, and amorphous proteinaceous mate-
rials (Fig 1d). Some of t hese proteinaceous materia ls were 
incomplete filaments or lamellae. Stage II melanosomes were 
also spherical and contained more numerous microvesicles and 
proteinaceous materials than stage I melanosomes (Fig 1c). In 
stage III melanosomes, melanin deposition was noted in the 
microvesicles as well as on the proteinaceous materia ls (Fig 
1d,e). However, melanin was noted only on certain portions of 
t he granu les, and thus deposit ion was microgranular and spotty. 
Stage IV melanosomes were fu lly melanized granules which 
were highly electron-dense, spherical, and limited by a mem-
brane (Fig 1(). In these pheomelanic melanocytes, ellipsoidal 
melanosomes with typical lamellar or filamentous matrices 
such as seen in eumelanosomes were not seen. In certa in 
melanosomes of stages II and III, incomplete fi laments or 
lamellae were noted together wit h spotty deposition of melanin. 
T hese melanosomes were, however, spherical, and thus their 
fine structure was entirely different from that of typical eu-
melanosomes. Another form of "mosaic" melanosomes were 
those that were somewhat ellipsoidal and contained some fila-
mentous materials. In t hese melanosomes, melanization again 
was spotty and none of the lamellae or filaments wit h t he 
regular striation such as seen in eumelanosomes were noted. 
These findings clearly indicate that t he melanocytes specified 
as pheomelanic by chemical analysis synthesized the melano-
somes, the fine structure of which was identical to that of 
pheomelanosomes seen in mice and guinea pigs [8,12- 14). 
In the pheomelanic follicles, melanosomes were transfe rred 
to t he keratinocytes and were degraded markedly within them. 
T hese transferred melanosomes were distributed eit her singly 
or in groups. The latter were irregular on the outer contour 
F rc 2. Fi ne structu re of pheomelanosomes transfe rred to the kerati nocytes. a, Low-power view of a melanocyte and melanocytic dendri tes 
(MD). The kerati nocytes (KC) do not co ntain a ny ellipsoida l-lamellar eumela nosomes. b, The pheomelanosomes a re distributed singly or in 
groups. TF = tonoJi laments of kera tinocyte. c, The pheomelanosomes t rans ferred to keratinocytes revea l a marked degradation . A high -power 
view of the box in b. ,.. 
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FI G 3. Fine structure of ha ir bulb specified as mixed type melanogenesis by chemical ana lys is. a, Pheomelanic (PMC) and eumelanic (EMC) 
melanocytes a re seen among t he keratinocytes (KC). Insets I and 2 indicate a high-power view of mela nosomes specified by arrows I and 2 in a 
pheomela nic mela nocyte. b, A pheomela nocytic (PMC ) dendri te is located next to t he cytoplasm of a eumelanocyte (EMC) . c, A high-power view 
of mosaic gra nules t hat are ellipsoidal ( EM S ). None of the lamellar or fi lamentous structures such as seen in eumelanosomes a re noted within 
t he granules (see d) . d, The cytoplasm of t he eumela nocyte is full of melanosomes at stages II (M S II) and III (MS III) . e, T he melanosomes 
t ransferred to the keratinocytes in t he follicles of mixed type melanogenesis. The arrows indicate t he presence of ellipsoidal eumelanosomes. DP 
= dendri t ic processes of melanocytes. 
(Fig 2). Again , no ellipsoidal melanosomes of eumelanosome 
form were seen in keratinocytes of the pheomelanic follicles. 
The foll icles of the remaining 2 subjects were spec ified as 
"mixed" type melanogenesis by chemical analysis, the ratios of 
pheomelanin/eumelanin being 1.3 and 0.6. In these subjects, 2 
di fferent cell populations of melanocytes were noted in t he 
same hair bulb (Fig 3a.) . One type (approximately 80- 90%) 
produced spherical melanosomes of pheomelanic form (Fig 
3b,c). The other (approximately 10- 20%) possessed, in con-
t rast, ellipso idal melanosomes of typical eumelanic form (Fig 
3b,d) . Similar to typica l pheomelanic melanocytes, the former 
types of melanocyte pmduced numerous spherical melano-
somes, t he size and fine structure of which were ident ical to 
t hose seen in Figs 1 and 2. Again , these pheomelanic melano-
cytes revea led several mosa ic melanosomes which were rather 
ellipsoidal and contained some lamellar structure. In these 
melanosomes, melanin deposit ion was spotty and micrograml-
lar, and no lamellae with the regular stri ation of eumelano-
somes were seen (Fig 3c). In cont rast, t he melanocytes of 
eumelanic type produced ellipsoidal-lamella r mela nosomes 
such as seen in typical eumelanosomes of stages II and III . T he 
number of eumelanic melanocytes was far smaller than t hat of 
pheomelanic melanocytes. T o t he follicular keratinocytes of 
mixed type melanogenesis, eumelanic and pheomelanic mela-
nosomes were t ransferred at stage IV of development . T hus, 
both eumelanosomes and pheomelanosomes were occasiona lly 
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seen in one keratinocyte (Fig 3d) . Reflect ing t he numerical 
difference of pheomelanic and eumelanic melanocytes, most of 
the melanosomes transferred to t he keratinocytes were spher-
ica l and were markedly degraded (Fig 3e). Ellipsoidal eumelan-
osomes were singly distributed, while spherical pheomelano-
somes were seen as either single or grouped, complex uni ts. 
DISCUSSION 
The fine structure of pheomelanosomes is identical in mice 
and gu inea pigs [8,12- 14]. In these animals, the stage l pheo-
melanosome is a spherical vacuole containing proteinaceous 
material and a few microvesicles (vesiculoglobular bodies ). At 
stage II , the vesiculoglobular bodies become more numerous. 
At stage III, melanization begins within the bodies as well as 
on proteinaceous matrix, and thus t he melanin deposited is 
spotty and granular. The stage IV pheomelanosome remains 
spherica l and conta ins a completely melanized matrix without 
showing the electron lucency that is seen in the eumelanosome 
[7 ,8]. In contrast, t he fi ne structure of human pheomelano-
somes has been unsettled and , tentatively, has been considered 
to be, similar to eumelanosomes, ellipsoidal and lamellar (or 
fi lamentous), though spotty melanin deposition occurs within 
the melanosomes (4,5] and these melanosomes become spheri-
cal, showing a marked degradation when transferred to the 
keratinocytes [6]. Previous studies, however, have been based 
on "red" hai r that was assumed to be pheomelanic only by 
visual differentiation. 
Previously, we have shown that the tissue contents of PTCA 
and AHP correspond we ll to the types of melanogenesis in 
mouse hair , thus providing a method to estimate t he pheome-
lanin and eumelanin contents in tissues [9]. By using this 
technique, we found in the present study that the follicles in 3 
out of 5 red- haired subjects were primarily involved in pheo-
melanogenesis and that t he red fo llicles of the remaining 2 
subjects were engaged in mixed type melanogenesis. Rorsman 
et al [15], Prota et a l [16,17] and Sealy eta! [18] indicated that 
many natural melanins are copolymers (mixed type melanin) 
of eumelanin and pheomelanin , and that "pure" eumelanin and 
pheomelanin se ldom, if ever, exist in mammals. In the present 
study, a similar result was obta ined, and 3 subjects with pheo-
melanic fo llicles showed a small amount of eumelanin (0.023-
0.045, wt/ wt). However, in our previous analysis of ye llow 
mouse hair (C57BL, A v), which is considered typical pheome-
lanic hair, a small amount of eumelanin (0.018%, wt/wt) was 
also noted. T he ratio of pheomelanin/eumelanin content was 
7.0 and even 5-S-cyste inyldopa-melanin , a synt hetic pheome-
la nin , yielded a trace amount of PTCA [9]. Thus, the fo llicles 
of our 3 subjects (the ratio of pheomelanin/eumelanin content 
being 4.0- 7.4) ca n safely be specified as pheomelanic. In the 
hair bulb of t hese pheomelanic follicles, only one population of 
melanocytes was seen which synt hesized spherical melano-
somes with sequences of development identical to those of 
pheomelanosomes in mice and guinea pigs. On the other hand, 
t he follicles of mixed type melanogenesis (the ratio of pheo-
melanin/ eumelanin content being 0.6- 1.3) reveale~ 2 different 
popu lations of me lanocytes, i.e., one with synthesis of ellipso-
idal-lamella r eumelanosome-like granules and the other with 
synthesis of spherical melanosomes such as seen in the pheo-
melanic follicles. ln the hair of agouti mice, where a switch 
from eumelanogenesis to pheomelanogenesis occurs during t he 
natural growth of follicles, pheomelanic a nd eumelanic me l a~ 
nosomes are seen in one melanocyte during the transit ion phase 
[14,19]. In t he present study, however, t he follicles of mixed 
mela nogenesis did not show such coexistence of 2 different 
types of melanosomes in one melanocyte. 
In t he present study, pheomelanocytes revealed several mos-
aic melanosomes. However, a small number of such mosaic 
granules were also noted in the pheomelanocytes of ye llow mice 
(20]. Furthermore, these mosaic melanosomes showed several 
features different from "typica l" eumelanosomes: (a) they never 
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revealed lamellar structures with a regular striation such as 
seen in eumelanosomes; (b) melan ization in these melano-
somes, i.e ., spotty and microgranular, was similar to that in 
typical pheomelanosomes; and (c) stage IV melanosomes in 
pheomelanic melanocytes with such mosaic melanosomes were 
a lways spherical and revealed no electron- lucent bodies such 
as seen in typical stage IV eumelanosomes. These mosaic 
melanosomes thus appear to take the same structure as that of 
typical pheomelanosomes at stage IV of development. However, 
whether or not t he presence of such mosaic melanosomes is 
related to the fact t hat a small content of eumelanin (PTCA) 
was noted in the pheomelanic follicles remains to be clarified 
by further study. 
In conclusion, visual differentiation of hair color does not 
always reflect the melanogenesis type in human red hair. Chem-
ical analysis of relative contents ofpheomelanin and eumelanin 
in folli cles corresponds well with t he fine structural differentia -
tion of pheomelanosomes and eumelanosomes in the hair bulb. 
Human pheomelanosomes are spherical granules with micro-
vesicular (vesicu loglobular) and proteinaceous matrices on 
which melanin deposit ion is spotty and granular. Thus, the 
previously held controversy as to t he true structure of pheo-
melanosomes in human red hair derives from t he fact that 
previous studies determined melanogenesis type only th rough 
visual differentiation , not t hrough chemical analysis as has 
been done in t he present study. 
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Correlation Between Content of Viral DNA and Evidence of Mature 
Virus Particles in HPV -1, HPV -4, and HPV -6 Induced Virus 
Acanthomata 
ELKE-INGRID GRUSSENDORF-CONEN, M.D. , LUTZ GISSMANN, PH.D., AND JOCHEN HbLTERS 
Abteilung Dermatologie der Medizinischen Fokultiit an der RWTH Aachen, Aachen, and lnstitut fur Virologie im Zentrum. fii.r Hygiene, 
Uniuersitiit Freiburg, Freibu.rg, F.R.G. 
In HPV -1 and HPV -4 induced warts as well as in HPV-
6 positive condylomata acuminata the quantity of viral 
DNA encapsulated into virus particles was determined 
and compared to the total amount of viral DNA present 
in the papillomas. As shown by filter hybridization using 
'
1H-labeled viral DNA molecularly cloned in Escherichia 
coli, the amount of total viral DNA found in HPV-1 or 
HPV -4 induced skin warts is similar. HPV -4 DNA, how-
evet·, is encapsulated into virus particles with less effi-
ciency . HPV-6 DNA can be detected only at minute 
amounts in condylomata acuminata and the percentage 
of DNA recovered from virions is extremely low. 
It is well established that human warts are virally induced 
fibroepit helia l proliferations wit h different morphologic and 
histologic features. For some time they were thought to be 
induced by one and the same virus. Recent application of 
biochemical techniques, however, has led to the discovery of 16 
different papilloma virus types in humans [1 - 7; H zur Hausen 
and L Gissmann, unpublished data] (see Table 1). The number 
of virions produced by each wart tends to ref1ect the type of 
virus [8). HPY -1 is commonly found in skin warts with high 
particle yields, HPV -4 predominates in morphologically iden-
t ical skin warts with rather moderate particle production 
[4,9). Anogenital warts (condylomata acuminata) induced by 
HPV -6 contain only minute quantities of virus particles. 
Manuscript received February 13, 1983; accepted for publication 
May 17, 1983. 
This work was supported by t he Deutsche Forschungsgemeinschaft, 
No. Gr 641/3. 
Reprint requests to: Dr. Elke-lngrid Grussendorf-Conen, Abt. Der-
matologie, Medical Faculty, Aachen University, Goethestrasse 27-29, 
D-5100 Aachen, F.R.G. 
Abbreviations: 
1 x TE: buffer- 10 mM Tris-HCl, 1 mM EDTA, pH 8.1 
pBR 322: bacterial plasmid carrying t he ampicillin and tetracy-
cline genes 
PBS: phosphate-buffered sa line 
SDS: sodium dodecyl sulfate 
SSC: 1 X sse contains 0.15 M NaCl and 0.015 sodium citrate 
We have asked whether HPV-4 and HPY-6 induced prolif-
erations wi th only low particle production contain a lower 
amount of vira l DNA than t he particle-rich HPY-1 warts. To 
answer this question we purified t he virus particles of single 
warts and determined their DNA content. The amount of 
nonencapsulated virus DNA in t he ce ll was measured in par-
a llel. 
MATERIALS AND METHODS 
Sixty sk in warts and condylomata acum inata from 7 different pa-
t ients were analyzed. 
Purification of Human Wart Virus 
The biopsy material was cut in to small pieces, ground with sterilized 
sea sand, and resuspended wi th phosphate-buffered saline (PBS). The 
suspension was incuba ted for 1 h at 37"C with 0.01 % trypsin and 
cleared by low-speed centrifugation. The sediment was stored for the 
extraction of cellular DNA (see below). T he supernatant was adjusted 
with solid cesium chloride (CsCl) to a density of 1.34 g/ml and centri-
fuged in a Spinco SW55 rotor for 24 h at 35,000 rpm and 20"C. The 
visible vi rus band was collected by puncturing the tube with a ster ile 
needle and it was dialyzed against 10 mM Tris-HCl, 1 mM EDTA, pH 
8.1 (1 X TE) . 
Purification of Viral DNA 
The viral proteins were solubili zed by 30-min incubation with 1% 
sodium dodecyl sulfate (SDS) at 37"C and t hen precipitated with 1 M 
CsCl by low-speed centrifugation for 1 h at o·c. The supernatant was 
dialyzed against 1 x TE and t he content of DNA was determined by 
optical measurement at 260 nm. 
Extraction of Cellular DNA from Warts 
The cellula r DNA as well as the nonencapsulated viral DNA was 
extracted from t he same warts that had been used for virus particle 
purification (see above) . The sediment of the homogenized material 
was resuspended in 2-5 ml 1 x TE. 
Labeling of Viral DNA 
The DNA of HPV-1, HPV -4, and HPV-6, molecularly cloned in 
pBR 322 (bacterial plasmid carryi ng the ampicillin and tetracycline 
genes) [10], was labeled with ["H]thymidine t riphosphate by the nick-
translation procedure as described earlier [11]. 
